(for example from adipose tissue (17) or dental pulp (8) ) and can be purified on the basis of their ability to adhere to plastic or with monoclonal antibodies conjugated to ferromagnetic particles using positive or negative selection. Reyes et al. (11, 15) have demonstrated, that using depletion of CD45 + and glycophorin-A + cells from BM mononuclear cells, it is possible to obtain MSCs known to give rise to limb-bud mesoderm, at the single-cell level, that also differentiate into cells of visceral mesoderm and can be expanded extensively by means of clinically applicable methods. Those cells were named mesodermal progenitor cells (MPCs) or multipotent adult progenitor cells (MAPCs). These immunomagnetically separated and in special media cultivated progenitor cells from adult tissues have even wider differentiation potential than researchers expected. Literature suggests that the capability of MAPCs to differentiate into specialized tissues is very close to the potential of embryonic stem cells (ES). Not only this characteristics is great promise for potential stem cell therapy.
The aim of our study was to characterize and compare the biological properties and spontaneous differentiation potential of two different SCs types isolated from the human vertebral body bone marrow: 1) MSCs (in our study we are using this term for SCs cultivated in media containing high levels of FCS) and 2) MPCs (immunomagnetically separated and in low FCS containing media with growth factors cultivated SCs).
Material and Methods
Bone Marrow BM was obtained from 11 consecutive patients (healthy donors) undergoing posterior spinal instrumentation or vertebroplasty in the lumbar spine following informed consent according to the guidelines from the Liberec Hospital. Before placing the screws or before vertebral augmentation, using transpedicular approach, 2-5 ml of BM were aspirated.
BM mononuclear cells obtained by optimized FicollPaque density gradient centrifugation were in 8 cases purified on the basis of their ability to adhere to plastic and in 3 cases were depleted of CD45 + and glycophorin-A + cells by means of micromagnetic beads (Miltenyi Biotec, Sunnyvale, CA).
Culture conditions
Cells were cultured on untreated plastic (Sarstedt culture flasks or TPP Petri-dishes) at 37 °C under aerobic conditions (5% CO 2 ) with FCS-containing alpha-MEM expansion medium (1%, 2%, 10%, and 20% of FCS). MSCs/MPCs expansion medium consisted of alpha-MEM (Gibco), FCS (PAA), ascorbic acid 2-phosphate (Sigma), dexamethasone (Sigma), L-glutamine (Gibco), penicillin and streptomycin (Gibco). In some cases, we added EGF and PDGF-BB (Peprotech). Once adherent cells were more than 70% confluent, they were detached with 0.25% trypsin-EDTA (Gibco), counted (using haemocytometer or cell viability analyser Vi-Cell XR 2.03 (Beckman Coulter)) and replated at a 1:3 dilution under the same culture conditions.
Differentiation cultures
To induce differentiation, we used MSCs/MPCs expansion medium with or without FCS supplemented with relevant factors. Cell differentiation is started after reaching of 70% confluence in culture flask. Adipogenesis is induced in monolayer by decreasing FCS concentration in differentiation media and adding 100 ng insulin (Sigma) per 1 ml of the media. Differentiated adipocytes are visualized using oil red staining. Chondrogenesis is induced in culture by means of micro-mass techniques in basal media with 50 ng/ml TGF-β1 (Stem Cell Technologies) (7, 9) . Osteogenesis is induced by cultivation in the osteogenic media containing 0.5 mM of ascorbic acid (Sigma), 10 mM of β-glycerophosphate (Sigma) and 0.1 mM of dexamethason (Sigma) either in monolayer or in cell pelets (7, 9) . Osteoblasts are identified using visualization of their products (collagen type I and osteoid) and histochemical detection of alkaline phosphatase using Naphthol AS-MX Phosphate.
Immunofluorescence
For detection of cytoskeletal proteins, cells were fixed with methanol at -20 °C for 2 minutes and permeabilized with 0.1% Triton X-100 for 10 minutes. For detection of other intracellular molecules, cells were fixed with 4% paraformaldehyde at 20 °C for 10 minutes and permeabilized with 0.1% Triton X-100 for 10 minutes. For identification of cell surface antigens, cells were fixed with 4% paraformaldehyde at 20 °C for 10 minutes. Blocking and diluent solution consisted of phosphate-buffer saline (PBS), 1% BSA, and 1% serum (Sigma) from the same species as was the primary antibody. Slides were blocked for 30 minutes, incubated sequentially for 30 minutes each with primary antibodies and fluorescein-or phycoerythrin-coupled anti-mouse or antirabbit IgG antibody. Between each step, slides were washed with PBS containing 0.3% BSA.
Flow Cytometry
For flow cytometric analysis cells were detached and stained sequentially with immunofluorescent primary antibodies until analysis with a FACSCalibur (Becton Dickinson). DNA analysis was performed by DNA ConKi kit based on propidium iodide staining, according to the instruction of manufacturer. Percentage of positive cells was determined as a percentage of cells with higher fluorescence intensity than the upper 0.5% of isotype immunoglobulin control. Classification criteria: <10% no expression, 10-40% low expression, 40-70% moderate expression and >70% high expression.
Karyotyping
Cells (subcultured at a 1:3 dilution, both early passages and after reaching 65 population doublings) were after 24 hours cultivation subjected to a 4-hour Demecolcemid (Sigma Aldrich) incubation followed by trypsin-EDTA detachment and lysis with hypotonic KCl and fixation in acid/alcohol. Metaphases were analyzed after GTG banding using software Ikaros v5.0 (MetaSystems).
Results

Culture of undifferentiated MSCs/MPCs
Our initial hypothesis presumed that both MSCs and MPCs are present in the vertebral body bone marrow and can be distinguished from haematopoietic progenitors and from each other. MSCs were cultivated without separation step in the basic expansion media containing 20% FCS. MPCs were first depleted from cells expressing haematopoietic markers (CD45 and GlyA). Following two depletion steps using MACS immunomagnetic beads, mononuclear cells more than 99.5% CD45-, GlyA -were plated in 25 cm 2 untreated plastic surface culture flasks with special expansion media containing 2% FCS and growth factors (EGF, PDGF). While MSCs grew quite quickly at the beginning and their growth slowed down after 5 th passage, MPCs proliferated slowly during the initial expansion but much faster afterwards. It was found that either CD45-GlyA-cells or MSCs, gave rise to clusters of small adherent cells. Those cells differ in amount and morphology according to cell purity, tested plastic type, number of passage and level of FCS in expansion medium (Fig. 1,2) . Culture with greater than 2% FCS or culture at high density yielded cells that were significantly larger (Fig. 2) and later more vacuolated. This was associated with loss of proliferation potential beyond 29 cell doublings.
Cell viability analysis
During the whole ex vivo expansion process we have also followed the cell viability and other parameters summarized in Tab. 1.
Immunophenotypic analysis
Immunocytochemical analysis showed that MPCs express low levels of CXCR4 and high levels of telomerase, nestin, fibronectin and STRO-1. Flow-cytometric analysis of cells obtained after 10 to 15 cell doublings showed that cells did not express CD16, CD18, CD34, CD49a, CD68, CD105, CD146, CXCR4, CCR7 and HLA DR, DP, DQ (not shown). Cells expressed low levels of CD11b, CD11c, CD45, CD49c and CD106, medium levels of CD71 and high levels of CD29, CD44, CD49d, CD49e, CD63, CD90, CD117, CD166 and HLA A, B, C. Propidium iodide-based DNA analysis showed approximately 25% of cells being in S-G 2 phase of cell cycle (Fig. 3) .
Adipocytes
Adipogenesis was induced in MPCs monolayer by decreasing of FCS concentration in differentiation media and adding 100 ng insulin per 1 ml of the media. Cultures were maintained for 14 days, after that, more than 60% of cells differentiated into lipid-laden cells that stained with oil-red (Fig. 4) .
Osteoblasts
According to the above mentioned protocol we have induced osteogenic differentiation in MPCs monolayer. Cultures were maintained for 4, 8 and 10 weeks. Our results were confirmed by classical histological methods (green trichrome staining, von Kossa), histochemistry (alkaline phosphatase), immunohistochemistry (collagen I) and also transmission electron microscopy. Chondroblasts Development of chondroblasts was followed by staining the micromasses with toluidine blue (Fig. 5) , alcian blue and safranin-O and with antibodies against type II and type I collagen.
Karyotyping
Culture expanded MPCs both primary culture and after reaching of 65 population doublings expressed telomerase and were cytogenetically stable. Cytogenetic examination of cells beyond so called Hayflick's limit (63 population doublings) showed normal karyotype in seven consecutive experiments (Fig. 6) .
Discussion
In the most contemporary stem cell experimental and clinical protocols are the human MSCs prepared with a standard method, with mononuclear cells isolated from an iliac crest bone marrow aspirate using density gradient techniques, and then both enriched and expanded in the presence of high levels of FCS by their tight adherence to plastic tissue culture dishes.
In this report, however, we have shown that relatively homogeneous population of both human MSCs and MPCs can be isolated from a low volume (2-5 ml) of the vertebral body bone marrow. We have described differences in morphological, biological and phenotypic characteristics between MSCs prepared with a standard "20% FCS" protocol and MPCs immunomagnetically separated and expanded extensively in vitro in 2% FCS containing media supplemented with growth factors. As Reyes et al. (15) , we were able to cultivate MPCs beyond 50 cell doublings and in contrast with significantly larger and later more vacuolated MSCs, we showed that over the entire cultivation period MPCs gave rise to clusters of small adherent cells (Fig. 1) . Changes in morphology were closely associated with variation of proliferation potential.
Cell doubling time for MPCs was 12 to 50 hours for the initial 43 cell doublings and increased from 60 to 90 hours after 55 cell doublings (Graph 2). This is also corresponding with Reyes et al. (15) observation. Regression analysis of cumulated normal data (population doublings) proved tight dependence of population doublings on passage number. On 5% level of significance using t-test these two facts were confirmed: 1) Number of population doublings of both MSCs and MPCs did not differ; 2) Doubling time of MSCs cultivated in 20% FCS is significantly higher than doubling time of MPCs. Moreover, using regression analysis of uncumulated data, we confirmed, that the slowing of cell proliferation is a function of increasing passages (2, 3) .
MPCs isolated and separated in this study had consistent surface molecule profile as evidenced by 28 available marker antibodies (Fig. 3) . While most of these markers have been detected on MSCs as well, some interesting differences can be noted. The levels of CD105 (endoglin) were much lower on MPCs than on MSCs, while levels of CD71 (transferrin receptor), CD117 (c-kit) and CD166 (ALCAM) were higher. CD71 levels on MPCs and MSCs, as on other cell types, correlate with proliferation rate, therefore it is logical, that this marker is more abundant on faster proliferating MPCs. CD166 (ALCAM) correlates positively with osteoblastic potential of MPCs and MSCs (1). While CD117 on MSCs was reported to be negative by most investigators (16), a mesenchymal cell line positive for CD117 with retained potential for osteoblastic differentiation was recently isolated from human hamartoma (5) and CD117 and osteocalcin co-expression was found on activated bone-marrow cells from patients with bone marrow infiltration with haematological malignancies (10) . Thus, CD117 expression on MPCs can either indicate their immature status, or their osteoblastic differentiation potential, or their activated status, respectively. In several independent experiments, MSCs expressed only weak staining for CD117. and expanded extensively by clinically applicable methods, they may be an ideal source of adult stem cells for the cell therapy.
